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ABSTRACT 

In response to a National Science Foundation ,(KSF) 
request to conduct a multiphase .study of the professional education 
and utilization of engineers in the United States during the 
remainder of this century, the Assembly of Engineering, National 
Research Council, .established .(as Phase H'the Committee of Education** 
and Utilization *of the Engineer. This report presents the findings * 
and recommendations of , this committee regarding desirable content, 1 
methodology, arrd partixipan%s in a % 2-year Phase II study. Following a 
general summary, a lisV^of goals and rationale fof'such a study, key 
questions to* be ^answered are listed. Questions focus on: (1) the 
engineering infrastructure (infrastructure defined* as the total 
complex of institutional system elements that selects, trains, 
employs, supports, and uses engineers and thei^ services); (2) 
hifetoty and. status of the inff rastructur-e , considering both the 
engineering workforce and engineering ^education; *( 3 ) infrastructure 
behavior; (4) long- and short-term stresste's related to future demands 
on engineering; and (5) 10 general areas related to infrastructure 
changes, such as preengineer ing/undergraduate/graduate education, and 
faculty concerns , among others, decent studies of engineering 
education problems, ,a tentative, outline of a Phase LI Study Report, 
and possible future engineer ing/problem ihterfaceS are presented in 
appendices. (Author/JN) c * 
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Late in 1980, the .National Soience Foundation requested that the 
Assembly of Engineering, National kesearch.Council, cbndtict a- 
multiphase study of the professional education and utilization of 
engineers in the United Stages during the remainder of the 'century. 
The first phase would be devoted to the identification of issues 
related to the status,* n6eds, and opportunities for the profession, 
to the planning and structuring of an appropriate study effort, and 
to identifying some desirable kinds of participants for the study. • 
The study was to be Pfiase II" of the activity7~&nd a short-term Phase 
III effort woulci disseminate the study results. Phases 11 and JII 
w*ere .to be contingent upon tt*e satisfactory completion of the Phase 'I 
planning. Moreover, while Phase I was to* be wholly supported *by the 
NSF,^it was expected that Phases \l and III would involve joint spon- 
sorship with, the Department of Defense, National Aeroriautics and 
Space Administration, Department of Energy, and possibly other 
federal, agencies. 

In response to the NSF request, early in 1981 the Assembly es- 
tablished the Committee on'Edu^at ion and Utilization of the Engineer 
The committee held four meetings at -approximately monthly intervals 
for the purpose.'of developing the plan and recommendations containe 
in this-report. Early in its deliberations, the committee estab- 
lished a task-group to prepare a potential outline for a Phase II 
study report and six additional task ^groups to develop topics for 
study in the areas of: * 1 

o The current status of the engineering 

|inf rastructure * 

o The current status of engineering manpower 

p The' -current manpower adequacy * ' 

o , Future demands on engineers • > 



o The response adequacy of! the infrastructure 
o Changes heeded in the infrastructure 

1 This report presents tahe findings and recommendations of the 
committee, based on the task group activities, with regard to a de- 
sirable content, methodology, and participants in a two-year Pha'set 
II study. Within the time available, the committee was able to 
identify a large range of topics needing study, but not to 'assign 
priorities for their address. While intellectually unsatisfying, 
such an omission was not considered critical for several reasons. 
First, the resources to be made available in support of a Phase II 
stu.dx were nQt known to the ptrj^sent committee. Second, the Phase II 
study would be conducted by a substantially different committee memr 
bership". Since Phase II would have to be cut to fit the financial J 
and intellectual cloth yet to bk woven,, it was thought more impor- 
tant to procede directly into the Phase II activity rather^tfian to 
take the time to polish tKe derails of a necessarily indeterminate 
study position by the Phase I committee. * 
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SUMMARY * 



AltKoug^ the engineering profession has served the United States well 
thus far iti the 20th century, there ar^/widespread perceptions of 

* problems that cast doubts about the adequacy of the nation's future 
engineering capabilities. , Many persons, particularly those involved 
in engineering - education, view some of the problems as having reached 
major proportions, therefore* such concerns as those relating to the 

* retention of ^d^quate* engineering faculties or the updating of colr^ 
legiate instructional equipment require immediate attention by appro- 
priate groups. Beyond this, however, a need exists for a coordi- 
nated, comprehensive study of the outlook for^the whole engineering 
community of educators, users,' and support groups over ttre next 
twenty years to establish the dimensions of k the problems that may 
have such important implications as to requir^ major efforts for re- 
solution, and those problems that can be resolved with less drastic 
actions. • " 

o 

' : * * » 

It 16 recommended that such a comprehensive study be ponducted 
within the netft two years. « r 

A study- of such" limited duration will necessarily be limited to 
a general consideration of the engineering infrastructure, but it 
should be organized so that later, supplemental analyses of specific 
t engineering fields and disciplines can be undertaken through an 
extension of the study protocols. * 1 

' To be received as balanced,, reasoned, and objective by engineers * 
and non-engineers alitfe, it will be important that insofar^as possible^ 
within the*time limits, the study • ^ 

0^ o Define the engineering' infrastructure and interre- 
lations among the main elements; * , * • 

o^ / Determine the currerft status of the principal ele- 
^ menfcs and their recent historic,al*relationships 



to major economic, political, and technological ' , 
events; ^ jl . % 

r ■ " . + 
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o Determine th^decision-making factors for the main 
element^ an^ identify the typical response modes; 
♦ 

o Project plausible future Hinds of events, that 

might drive the need for major decisi6na-in the 
^engineering infrastructure; and * + 

o Recommend policies ani programs that will be needed 
to make the infrastructure* elements capable of • 
meeting future national demands 'and prdpose 
priorities for" the various actions. 

The study should indentify optional actions, wherever possible, 
including those that might be taken by private industry or academic 
institutions as well as those that are clearly appropriate for 
^g^fernment actions. v % - 

The proposed study might properly* be viewed'*as a 'precursor of a 
continuing evaluation of the engineering community. With it) a two- 
year study it will be difficult to define, describe, analyze, and 
diagnose all of the problems^ of a loosely defined engineering v com- 
muhity of more than one million individuals, and. to prescriF& needed 
remedial actions. If, however, a relatively clear consensus can be t 
reached among the leaders pf the community ,o_n the problems and j 
potential solution^, so that national policy and program guidance 
# can be developed, to ensure the future engineering strength of the 
nation, the effort will have been worthwhile. 



A 



INTRODUCTION 



The 2(|th century has been a period of impressive and unprecedented 
technological growth that has revolutionized thfe lives of most of 
'the world's population. The United States has been a leader in that 
technological revolution, and its engineering profession has been ^ 
principal factor in establishing such "supremacy . In the prodess, 
the ^engineering profession has been subject to all the pressures 
that arise from new technologies, new engineering tools, and new 
expectations .of continuing innovation and improved performance, 
safety, and reliability. 

4 We are now entering a period. that some characterize as 'an era 
'of increasingly scarce hurrtan and physical resources. At the same 
time, scientific discoveries are proliferating, and there is every 
reason to believe that the pace of technological transformations wil 
increase for the,, remainder of this century. Ther^ -is increasing con 
cern by some that the engineering community may not be able to re- 
spond adequately to the tasks ahead. Many persons are troubled by • 
perceptions that tne U.S. is not developing or using its fuM in- 
tellectual potential, that it i^ not capitalizing on its' available 
technology, and thiat it is losing its technological leadership. 
Almost all of the persons directly involved with engineering schools 
are convinced that there are 'already severe problems in- engineering 
education that if left unchecked will ' lead to a progressive de- 
deterioration of the technical colleges arid universities of crises | 
proportions*. /\ ; , * 



*A nqmber of groups have addressed various aspects of 'engineering/ 
education concerns over the past' year or so. Appendix A outlines the 
principal efforts and the nature of their findings. 
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Perditions such as t#ies£ would seem to .signal serious future, 
problems for* the nat'ion, and tho'se that are of clea*r and present » 
concern, ♦such ( as. a number Qf issues' dealing* withrthe adequacy,' • 
engineering \schbol faculties, % or with 'the obsolescence of school 
equipment for training engineers, nee*d to receive immediate^ ad FTqc* 
attention. "Unfortunately , the evidence required to verify tfi^, 
accuracy , x extent, and., import o.f some of the perceived problems is ^ 
dif f icult o ,to marshal]*. ' Data on engineering manpower' availability t*\ 
and deployment , *f or instance', have , many quantitative and 'qualitative - 
def ijiiencie/, ancl their interpretation . is complicated. Furthermore , 
several of ,the important aspects :of the perceived problems are partly 
or wholly matte/s of judgment that' do not lend themselves to quanti- 
fiable. analyses.'' " , - w , 

This report presents the findings of an effort to define *th£ * 
approach for dMongex-term, comprehensive study, that needs to-be 
conducted to determine the' present and projected viability q$ the 
engineering profession in the United Stages, vis-a-vis its op- 
portunities and challenges. This report marks the-end of Phase ^Ij 
Phase II, accordingly, is the comprehensive study that would serve „ 
'as a basis ' for the development of coherent jiational ^policies and?' . 
programs* to assure adequate numbers of engineers and their appro- 
priate education and utilization for the restp.bf Jthis century. Such 
a^ study should seek to develop specific, realistio~5ptions for the 
public, private, and academic sectors of society, and" to recom- 
mend priorities for possible actions. * 

« To be most useful,* the « report resulting ftom the proposed study, 
willlieed/to be directed ;tp £he engineering prof ession, the public 
they serve, ajnd the youth' from which their rapks will h£ve to be 
replenished, in addition to all governmental, academic, and indus- 
trial leaders who will be in positions to advocate,* Select,* or irfr, 

plement particular options. The latter groups include: « 

* ** * * s 

o The .principal employers of engineers — governmental 
and 'private; + r • v * V i ' 

* o State and local governmental officials responsible 0# , 
for thd educational and motivational preparation of * 
°, potential 'engineering students; v , 

o Governmental officials responsible for the support of 

engineering^ schools; , _ *• ♦ 

^ o- Federal executive and legislative leaders 

• responsible' for* Authorizing, or funding, educational . _ * 
support and university research programs; 

- / " ». 



Administrators in «the engineering schools, and 
the universities of which they are .a^part, as . 
well as the faculties, * accreditation ^Bodies, ^and 
foundations involved in engineering education; 



Executives in industrial companies involved in 
engineering education through grants, scholar- 
ships, sponsored research programs^- cooperative 
training^programs, etc.; 



Societies and academies that , represent^ 
technical and* professional intere'sts^oi 



the* 
f engi- 



neers. 



There have been numerous studies of engineering* whict\ directly 
relate to the propos.ed study. fjThese ^^jr ^studies , together with 
current perceptions of knowledgeable ^p^wrs ,< managers , and en- 
gineers, would probably suffice to idel^fy many^-if not most — of 
the problems within the engineering* 'community and to suggest their 
possible solutions. However persuasive such findings might be to \ 
the engineering community, they are not likely to enlist the crit- s 
ical support and action of other decision makers* Consequently, to 
be effective, the findings should contain an objective and balanced 
set of conclusions, options, and recommendations based on a more re- 
liable data base 5 than has been available in the past and on analyses 
that have also bfeen lacking in the past. 

To attempt, to define, describe, analyse, collate, "diagnose, in- 
form, and mobilize support for a loosely defined engineering com- 
munity of mo^e than a million individuals in the United States is a 
task that may^ not be possible to accomplish with precision and within 
a reasonable time period. Therefore* the Phase II study outlined 
hereiji jnay become only the.£j,rst step in a continuing activity; 
If, however, a relatively clear consensus on the problems and their 
potential solutions 'can be achieved, so that' broad policy and pro- 
gram guidance can be offere^^o ensure the future engineering 
strength the nation is" certain* to need^ the effort* will have been 
worthwhile. s ^ 
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THE PROPOSED STUDY 



As a _gu^de to its consideration of a possible study, the committee 
prepared a suggested outline for a Phase II report, the main ele- 
ments of which are* presented in Appendix^. It is to be expectgd 
that the actual Phase v II report will differ from this outline 
because of the insights and^mp^ases of the study gro.ujht The out- 
line is only intended to provide a focus for appropriate study 
topics. For example, to write the report suggested by the outline^ 
it will be necessary for th^PhasepLI study to address such basic 
questions as: 

What is the "engineering community", and the infrastructure 
through which it .operates? 

o What are its principal elements? 

o How dpes the syst^pi operate, in general?- ^ 
o How has it evolved? jk 
o What has been its • importance to our society? 
o What is its importance to our future? 

What.,is the current state of the engineering infrastructure? 

o What' is the engineering population by subdiscipline 

an4 by function? 
o jyft\at are our educational , and training facilities? ^ 
o llow are engineers used? Where? 
o How effective is our "present system in terms of 

meeting engineering needs? • t 



o What are the shortcomings 



? 



How does the engineering infrastructure function in 
a dynamic sense? 

o How do the-<elements respond to problems? 
?6 What are the control mechanisms? 
o What are the time-constants? 
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, Wh'at might the rest 'of this century require from our 
t ^ engineering infrastructure? ; \ 

o What are the potential future drivers of v 
engineering? • 

(e.g., national programs, new technologies, etc.) 

o What k^nds *of demands might be^ placed on the infra- 
structure* elements? * 

o , How do we assess the ability of the infrastructure 
* * " 'to respond? .. , *~ 

What must we do as a nation to ensure that the engineering 
, infi;as'truc 9 tur§ wil^'be capable of meeting our potential -needs?- 

o For numbers of engineers and requisite skills? 
.\o For probi^m7Solving versatility? 

o . For quick responses to opportunities? / 
o* ,For anticipating and supplying developing needs? 

\ \ 
» What are the options and their probable consequences? * 

What recommendations can^e made to our leadership in *\ 
governments, universities, and industry? ^ " . 

It* is clear that' the engineering community exists and functions 
as an .integral part of society/ Errgineering'goals and directions 
are intertwined with and reflect societal goals. It is equally 
clear that policy and program requirements to assure adequacy of the 
Engineering profession for its future societal role require broad 
societal consensus — a consensus based upon knowledge and under- , 
standing of engineering and its complex interrelationships with 
national needs '^nd goals, human and physical resources, etc* 

Tt\ese question^ an'd considerations* arrayed in tn^e outline can 
be grouped into clusters of topics for in-depth study. Many of the 
topics , are relate'd, and their study will neecV to be time-phased, for 
most efficient progress. Some, however,* can be examined indepen- 
dently. ' • . 



THE ENGINEERING INFRASTRUCTURE 

• ^ 
£h many .respects, the key to a comprehensive understanding and 'anal- 
ysis, of the, strengths and weaknesses of the engineering profession 
lies in the clarity wijth which'the engineering infrastructure can be 
discerned and described. 'Hence, the description of the infrastruc- 
ture should be the first order of business for the Phase II study. 



* The infrastructure is the total complex of institutional system 
elements that selects, trains, employs, supports, and uses engineers 
and their services. Over a career cycle, engineers as a class gen- 
erally follow a somewhat predictable path through the infrastruc- 
ture, but individuals may >enter and leave freeLy, depending upon 
competing incentives and opportunities and "often at some cost to 
society. 

The systems that comprise the infrastructure may be grouped 
into several major categories, according to' the functions *that they 
serve 'along the career path: 

,o 'Educational systems 
Precollegiate 

Undergraduate engineering colleges 
Graduate engineering, universities 

- » Technical institutes 

Nonacademic facilities for continuing 

. education ^ ' 

o Employer community 
Se 1 f-emp loyed 
Private sector 

Looa?t state, artd federal government 
\ - - JEducational* institutions 

* 

o Post-entry support groups 
" - technical societies 

Professional societies 

Academies < " ' | 

b Public at large • 

- * Media , 

Advisors 

Friends , relatives, acquaintances 

In-order to study the expected reactions of the Engineering 
system elements to any problems or proposed changes,, it will be 
necessary to describe the mutual interactions of- the Elements. An 
orderly representation,: or thodel, of the infrastructure will aid in 
the description,- and this committee strongly., urges the development 
of such a model early in any comprehensive study* Figure 1 shoys a 
simplified flow model* of the sort the committee considers desirable. 

In principle, a model such as that Figure 1 could be used, 
•if properly refined and expanded, as'a dynamic • fldw model^to examine 
the detailed flows, reservoirs, and capacities of the engineering 
system over time. The significance of such numbers ori a highly 
aggregated 
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Figure 1: Simplified Model of 'the Engineering Infrastructure, 
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scale is doubtful, however, and unambiguous statistics at a more 
detailed level are lacking. Thus', it is not anticipated' that £n v 
infrastructure model can be exercised to 'give meaningful quanti- 
tative flow 1 reactions. However, it may be possible to discern from 

the model, In qualitative terms, some near-term response trends. 

\ « % > * 

Judging the infrastructure needs in response to changes over- 
the long term will require judgements of a more sensitive kind. For 
example, the use of Computers and microelectronic control circuitry 
in design and manufacturing presages majojjr changes in engineering 
as well as manufacturing* productivity. Any forecast of engineering 
manpower requirements will have to take this^into ^cfcount by pro- 
jecting botjj the penetration of computer-aided design and manu- 
facturing, into appropriate industries and the resulting effects on 
the .demand for number and type of engineers in those industries. 
The explosive technological develppments of the recent past, and 
those that seem likely in the future, should provide ataple warning v 
against unduly static projections of future requirement trends in 
terms of numbers, fields, or educational levels. 
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HISTORY AND STATUS OF THE INFRASTRUCTURE 



fined, it will 



Once the engineering infrastructure is defined, it will be necessary 
to* understand the\ present status of the major elements a£_a back 4 - 
ground for the analysis of necessary or desirable future changes to 
the engineering system. In 'assessing the future capacity of the 
infrastructure to adapt to changing conditions, it would be helpful 
to have an historical 'perspective on past accommodatipns to change* 
Thus, the history and the present status of the infrastructure will 
need to be examined in consistent terms. 

Landmark events in the recent history of engineering need to be 
studied from the viewpoint of £l*e impacts that; these imposed on the 
^engineering Wstem and the responses of'the system elements. An 
examination of t^ie ,laet 50-60 years, for instance, should provide 
some valuable insights on the system's responses to the impacts of 
the great % depression, World War II, the post-war boom, the space^ro- 
gr^am, anti tlie advent of Computers and solid-state electronics on th& 
changing demands for different types of engineers. , What were the 
impacts of such great civil engineering programs as the interstate 
highway system? Or the nuclear power program? How did the infra- 
structure respond to the major program fluctuations in the aerospace 
industries? Or energy shortages or requirements for environmental^ 
protection? * . 

Any historical view of the engineering field would need to 
consider the gradual and subtle changes that flow'frpm new scien- 
tific discoveries and their transformations into engineering tools 
and technologies in various industrial sectors,. Such a view should 
&p§0 include the development of new engineering specialties, revi^ 
sions in 'educational curricula, organizatioa of new technical 
societies, and oxher changes* with ^long-term implications for the 
'profession. ^* 

The changes need to be examined in the light of industrial 
developments that trigger events andl trends in engineering, bearing, 
in mind the individual and organizational decisions invalvedHLn the 
changes. The historical examination shouldjbe correlated with a. ^ 
parallel analysis oj^ the current status &i the engineering system, in 
order to give^a sense of the condition of the engineering infra- 
structure today, how this has evolved,' and' hpw economic, political,- 
and techrtological*l£orces and decisions have^gs&f ected or directed 
that Evolution, s - T . 

Engineering Workforce : In 'addition to dxajmining the principal 
infrastructure institutional elements, the stUdy^V/ill need to assess 
the changes in engineering human resources. The history and .current 
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status 66 engineers in the workforce needs to be analyzed in terms 
of such obvious categories as ages, educational sources and levels, 
technical disciplines, etc. Several sources of current and his- 
torical* data are the Engineering Marfftower Commission, the National 
Science Foundation, the, Bureau of Labor Statistics, and the Rational ^ 
Ceritej for 'Education Statistics. These-sources have been valuable 
in establishing a general profile .of the -engineering workforce and* 
engineering employment patterns. However, much more remains to 
done in this area. In som£ instances the^> data are at variance, or 
the data are inappropriately aggregated or inadequately classified. 
Much moire information is needed on what engineers actually do, on 
understanding the adequacy of engineering education, on the quality 
of engineers- in the work place, and on unders^an^ijig^ccupational * ^ 
mobility in terms of the flexibility of the engineering labor force 
to fill field-specific shortages.. It will be necessary, therefore,, 
to do a comparative analysis of the data bases, to identify any ■ 
differences and their causes, and to determine* how improved col'^k 
lection methodologies and classdf icaton schemes may provide the 
needed information. Such an effort should based on a consistent 
definition of engineers in t^rms of qualifications and functions, 
and on the development af differentiating classifications amongst 
engineers, technologists, and technicians employed jin the same 
fields. After such ^ study, ..one important outcome could be the 
identification and designation of the best available data base for 
maintaining a historical record. Such a study could al^o afford an 
opportunity to mobilize the available resources, which are now being, 
used in a' scattered fashion, to ensure that the principal sets of^ • 
statistics are at least coherent* if not fully coordinated. 

If possible, the workforce data should be collected in a man- 
ner that will provide information on the various flow processes 
described by the infrastructure model. (An importarft aspect of* this 
approach might be the use of engineering manpower models. Much 
progress has been made in this area .in recent yefrs by C.B, Fr'eeman 
at Harvard, F. Landis at the University of Wisconsin-Milwaukee ,.^and 
M. Sirbu at M.I.T. These models have been helpful, fojr example; in 
identifying the role of« R&p expenditures and salaries in alternative 
professions on engineering employment demand. In the Ptvase IT study, 
manpower mdtfe Is could be very useful tools, and support should be 
given to improving their forecasting capabilities. 

Any study of the engineering workforce needs' to go beyond mere 
inventory questions, important though^ they may lie, to an examination 
of the current adequacy *of the manpower mix. Important supply and 
demand trends in significant industries and in critical' engineering $ 
disciplines should be investigated. For instance, current manpower 
shortages- in certain industries should be investigated to determine 
their causes and their implications ,for the overall profession. 
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. Moreover,,, there needs to fre an assessment 'of the current 
adequacy of both the quantities and qualities of engineering man- 
manpower. Of these} the quantitative aspects will be easier to** * v 
evaluate. Thfe measures of the adequacy of manpower quality wiLl,?** 
of necessity , ten^- to b'e qualitative. Possible measures might 
include comparisons of today's engineers with engiafcers §t some/.- 
earlier period o£ with, engineers in other developed countries. 
Evaluations of current engineers might aLso be made by'examining 
perceived engineering needs in comparison with current engineering 
.capabilities., or by looking at the quality -of goods, services, 'and 
' technologies in comparison with desired quality levels.. "Surveys to 
assess quality might include the training 4nd educational programs 
offered by industry- isa response to perceived needs, performance 
appraisals, engyieer^urnover rates, jknd profile characteristics of 
.both successful and unsuccessful engineers. Such information might 
be obtained from in7depth surveys or visits w.ittv reprecent^tpA^e 
companies in various industries. 




Engineering Education: Obviously, the educational sysrem that 
trains the nation's engineers v is a key element in the 'engineering 
inf raslfructure. We need to have a better understanding of Xhat 
system^ Have universities been able to keep pace with rapid devel- 
opments in technology by upgrading th^ir curricula and- staying in \ 
the forefront with their* re'search programs ^ As in the case of the 
analysis of the engineering workforce, "much of the needed information 
/ is in the nature of dn historical inventory. What are t^e accredited 
\ departments?'' How have the schools and 5 departments 'changed with time 
and events? How in^decjuate 'are university investments in plant and 
equipment?, What has been the history of engineering school capaci- 
v * tips as measured by enrollments and graduation rate k s? What is the \, 
corresponding picture" ii^*the technical schools and technology in- 
stitutes which train ■ engineering technicians and technologists but" ^ 
, do qot offer engineering degrees? v 

■ : 

I Another important educational subsystem .provides continuing 
education to' the practicing enaineer*^ What is known xab(?ut the 
extent and effectiveness of such actitfty:ie£? To what extent are the 
accredited engineering schools involved in -formal training programs 
on and off campus? What do industry and the governrifeht do v to mak^— 
jobrrelated technical training available to'their employee^? To 
what extent have the technical ' societies aided their professional 
members in maintaining, and enhancing their engineering skills in * 
times of expand itfg^nd changing technologies? * 
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No inventory of educational capacities would b.e complete with-^ 
/out some measure of the pre-engineering educational, infrastructure 

What has happened, over timV, tp the number and, quay, ty of secondary 
.^school graduates who are academically qu^iifiecf to enroll >Ln accredy 
ited engineering schools? .To what extent nave the able students 
actually enrolled in engineering courses? How. have ftiey fared in 
their progress toward engiheering deferees? Can the data be related 
il^ any meaningful way to primary^ apdl secondary school academic 
requirements and curricula? 

Engineering Users: To complete the inventory of the infra- 
structure, "it will be essential to have a coherent , crfedi^le under- 
standing of the areas and ways i$ which practicing engineers are 
employed, and of how employment^patterns have* varied with time^ 
jKome of this information can be gleaned from the NSF ari<5 EMC studies*, 
particularly with Regard to areas of^employment — self,^ governmental, 
private sector, and academic* More inlor^nktion^ is nee.ded, however, 
on expected educational levels, on how engineers are actually used, 
on the relationship bWween engineeringy£lassi£ications used by* 
industry and the traditional classifications by earned degree, on 
career mobility, on the quality o£ -engineers; and'on the impactof 
new engineering tools on career^. * . 

ThjLs committee is particularly concerned with- the very broad 
connotations of the descriptor "engineer. w * There are many leVels of* 
engineering ^d .it will be considered essential for .the. Phase II 
study *fo .characterize ,the various engineering occupations to deter- 
mine the generic similarities and 'differences. Unless this is d^ne, 
it will be difficult to discuss^the future quantitative aijd quali-* 
tative manpqwer util^^tion problems in engineering in, a, really- 
meaningful' way* * * ' - 'J 

• • ^ - 

* L 

.£»• INFRASTRUCTURE BEHAVIOR 

The -identification of substantive actions that might be taken 
to correct or improve the elements of tfye "engineering system. will be 
expedited and clarified if the ways that these* elements respond to 
external factors i§? understood* Therefore, Mn addition to describing 
the main elements of the engineering infrastructure,, their pres.ent 
status, and^their historical Background, the Phase 1-1 study should 
examine hoy the 'major eliements have responded to psessuffe's - f or change 
and the constancy and predictability of ^e responses, if any*. Such 
response characteristics should be examined in^.terms of the Jcinds of 
decisions that are made in ^response to external factbrs, the issues 
that the decisions confront, and th,e pattern^ o,f response that 
emerge. , * ^ . - * * 
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In analyzLng these adaptive behaviors, it will be important to 
determine the time scales associated* with trie typical responses ^rid 
the long term effects of the behavior. It may be desirable in the 
future to shorten response' time; thi*6 the costs and benefits of 
changes in the responses will need to be examined. 

The various parts of the infrastructure and the individuals 
withyLn it have a variety of adaptive behaviors that -can influence 
the health and vitality of industries, universities, and society as 
a whole. The principal participants in the system are individual 

• students and engineers,* and the pribary institutions are urfiyersi-* 
'ties, industries, and governmerftivy 

: . -Individual Responses - 

Individuals must make a succession of career choices in response 
to the following kinds, of decision drivers (in no otder of rank): 

o Pe rc^i^ ed personal satisfaction; 4 

o Relative economic rewards; 

o Perceived autonomy; s \ 

- o y Intellectual excitement; 

o Perceived security and stability; 

, % o Perceived social status, Social utility, ^nd J 

contribution to society and the community; 

o Knowledge and exposure. . 
» • » 

Students have to .make .a number of career choices witt^ regard to 
engineering. Should the«y take engineering or*$ome ^>ther college 
degree? If .engineering, what should be the field of specialization? ■ 
When the B.S. degree, is obtained, should they ent^er the workforce? 
Take an ^advanced engineering degree? ^Take an advanced degree in 
^some other field (MBA, MD^etc}? 

^he issues *tb be studied with rergard to these decisions include 
the impacts of primary and secondary school mathematics N and science. 

• preparation, the impacts of interactions with practicing engineers, 
and the response to the personal decision drivers listed above. 
There should be an .attempt to uuderst^nd why so few women and mem- 
bers of minority groups elect engineering careers*, and why t£ere is 
an increasing appeal for foreign students to take advanced engineer- 
ing degrees, but a ^reduced appeal for U.S. citizens? 
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The practicing engineer must make periodic choices about his 
career. Should he or she Qhange employers within a field? Should* 
he or she change fields? Continue his formal technical education? 
Early in his career? * At mid-career r Should he or she' opt for early 
retirement and a second career? Each such decision affects the 
engineer's availability to the profession. , 

Faculty members % who have selected teaching and research as 
their^engineering role, have their own special set of behavioral 
responses to ttfeir own career decision drivers. * Typical responses 
include leaving teaching, changing schools, increasing consulting 

^activities, forming small companies, organizing new projects or new 
fields, or taking temporary leaves of absence to work in the 

'government or industry* 



5 * Institutional Responses 

* 

• Institutions also must choose periodically from among manage- 
ment options. Some of the^drivers that might necessitate such 
choices are the following: 



*o 6 New technologies that 8 become teachable, clearly „ ^ # 

recognizable, and rew^rdable; 
o Competition for survival ^nd growth; ^ ^ 

q Cost and efficiency of operations; &nd 
o Political actions. 

* Colleges and Universities and their -constituent department^ . 
must make successiye decisions aboyt the kind of engineering<^du- 
c&tion they offer. In making such decisions, they may find it 
appropriate to change or create* engineering departments, to change.^ 
v the relative emphases of basic science, and-'ap plied engineering 
instruction, to emphasize research, to expand or contract faculty 
sizes, to strengthen or weaken faculty qualifications, to encourage 
-faculty interactions with industry and government, to expand or 
restrict overall enrollments, to encourage or limit admission of 
foreign students, or to seek cmtside 'support for research and 
education/ * ' . * j 

Industries, in dealing with technological developments, busi- 
ness .competition, and economic conditions', make frequent decisions 
about expanding (or contracting) their engineering workforces. They 
may, for instance, ad just , beginners salaries to entice holders of / 
B.S. and advanced degrees aria, sometimes, faculty members" to enter 
their employment. They may upgrade technicians to engineering clas- 
sifications or use scientists in engineering rales. To* upgrade and m 
lengthen employee.s^they may support >the selfrimprovement of 
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engineering employees, or sponsor in-rhousis or off-site continuing 
education and reeducation courses for mid-career employees. 

It would k appear that many industries rely heavily ion free 
market/ mechanisms in adjusting the makeup and size of their en- 
gineering workforces An response to changi ng 1 - w eeds. They depend on 
their organizational capabilities* to identify and acquire talent on 
an "as-needed" basis from the national reservoir ,of engineers on the 
assumption that adequate reservoir resources exist. .This approach 
needs to be examined f&r effectiveness and dependability under 

various future conditions. 

i . $ » 

Government agencies can influence the infrastructure far beyond 
the direct employment of engineers. Federal programs in defense, 
space, energy, -etc. ^^exert great quantitative and qualitative de- 
mands on the engineering Astern. Government R&6 programs are the 
predominant sources of engineering research support for university 
programs. •Government" programs in support of* education (both teaching 
and equipment) can affect all levels of education. Faculty, exchange 
programs and postdoctoral programs at government laboratories can 
stimulate and strengthen the faculty. Graduate engineering programs „ 
are affected in a major way by the -availability of governmentally 
sp9psored university research and graduate fellowship programs. Sr v In 
a less direct way, ^^yernmental tax policies influence the levels ' 
and kinds of educational support forthcoming from individuals and 
companies, as well as the leyel of"* R&D sponsored by private industry. 

The dominant government rol^in support of university R&D has 
ano.ther, more sutftlf , impact that warrants examination. It is be- 
coming increasingly difficult to get funding for a Research proposal 
to the governmTnFpTnnvsequently more and mqjre faculty effort is being 
expended on "grantsmanship" activities, ratffeV than on teaching or,, 
research. This has nor gon« unnoticed by students and may serve to 
turn them away from consideration of "engineering fapulty roJ.es for 
themselves. * • 1 

i ' 1 ' ' - 

* 1" Other Responses 



The technical societies , professional societies , and academies 
* have a more indirect effect* They work collectively and influence! 
the engineering system- on a longer time scale than do, .either the 
schools or the employers. Their adaptive behaviors are directed to 
^ the support of the profession and to individuals within it. Each 
serves a different individual function, btjt collectively these 
organizations affect the infrastructure by continuously redefining 
engineering specialities, maintaining engineering standards, up- 
dating and changing accreditation standards, providing communication 
channels through journals and meetings, conducting studies in areas 
of disciplinary., interest , and arranging and conducting education 
programs. 
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In the study of response characteristics of the several system 
elements,, it will be important to ascertain the extent,' if any, to * 
which specific responses can be anticipated and* guided by specific 
stimuli or sets of stimuli. To' the extents^hat such cai^se-and-ef feet 
relationships cannot be established, the efficacy of actions proposed 
to Correct known or anticipatedr-s^tjem deficiencies will remain con- 
jectural. ' " ' sjL ' '> ; . * 



FUTURE DEMANDS ON ENGINEERING 



in 



' . Although the past and theUfcresent a?$- important elements 
understanding the engineering infrastructure, the real concern lies 
with the future suitability of the ^stems'. To anticipate the 
problems 4:hat might limit the future capability of the' engineering 
infrastructure to respond to changes, it will- be necessary to pro- 
ject and examine. a number of» possible situations that coul\i cause 
stress to, the system's elements. Such situations may b£ grouped 
into two«cla£ses. First; there are combinations pf circumstances 
with relatively short-term impacts on a few system elements. 
Second, there are longer term scenarios that could result in mor£ 
gradual but\more lasting impacts on the infrastructure and might 
require moreb^sic and far-reaching s^tem chrange§ for their « 
satisfactory solution/ . . 



Short-term Stresi 



Changes in established methbds always induce, stresses in the* 
associated working structures. . With the rapid changes in tech-' 
nology, business, and social expectations iij this country, it is. v 
not surprising that the engineering community is 'frequently beset 1 
by localized, short-term problems that can have intense impacts on-r 
affected system elements and on their responses. While it' is un-^ 
likely that alterations in the infrastructure *can anticipate and 
prevent the future occurrence of such short-term system' drivers, a 
better understanding of their characteristics might enable some 
common system corrections .to be identified which could eas£\adverse 
impacts in the future. „- . 6 



veral categories ofj short-term problems warrant ^examination, 
of the specific events and* circumstances that Contribute *tc 



Sev* 

Because t 

each such occurrence, the. committee suggests that^ rather ^Trhan 
hypothesizing jproblems for evaluation in ?hase II, known .problems 
from the recent past should be selected a? representative case **** r 
studies. 'Although anecdotal evidence -abounds about such probl'etns,. 
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it will be necessary to examine each selected case in enough detail 
to establish a factual, credible understanding of the c&use-and- 
effect relationships. Categories that should be investigated 
incluci^: 

o Industry-wide shortages of engineering manpower 

(e.g., integrated circuit design); 
o Industry-wide surpluses of .engineering manpower 

(e.g., aerospace in the early 70's)wr, 
o Fields on hold (e.g., nuclear power system design); and 
: o Retooling for maj^jr productivity changes; (e.g., as in 

the auto industry). . • " v 



w liOng- term Stresses 

^Thefe are a number of? plausible future circumstances in which . 
one or more of the major elements of the engineering infrastructure 
might be -stressed to the point^of failure unless extensive and rela- 
tively permanent changes are made. Th^ committee recommends that 
illustrative scenarios be developed for such cases to enable the 
potential stress points to be identified. |The extent to which 
common problem areas are discerned through £uch analyses should 
strongly influence ^he nature and priority »of future policy and 
program recommendations. \ 

At least f.our classes of major .engineering driving forces can 
visualized: . t 

d . The national adoption of one or more major Federal 
programs 'with high scientific^ and technological 
content; 

o The emergence of new technologies with benefits 
th^t warrant rapid introduction into commerce; 
b 1 i The coalescence oft social expectations into manr 
dates for extensive changes with technological 
immplications; and ( • *• 

o ' International competition. 
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A number of broad topics should be* investigated to determine 
the potential impacts of future events on the various elements of 
the engineering infrastructure. Plausible illustrative scenarios 
should be developed in enough detail to show the manpower, educa- 
tional, and job-performance implications of the topic. Enough 
topics should be* investigated to establish whether a reasonably 
broad range of future scenarios produce common or topic-specific 
stimuli to the engineering system*. 



*The Committee was able to quickly develop a representative list of 
potential topics, as discussed in Appendix C. 
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For example, certain long-term* programs , such as national de- 
cisions to develop and deploy pertain types of defense systems or 
advanced energy systems, require fundamentally different types of 
engineering mobilizations than do most industrial or consumer-goods 
developments, The magnitude and complexity of the effort may re- 
quire the parallel'deyelopment of hew infrastructure relationships. 
One of the characteristic impacts on requirements for engineers is 
the long period of sophisticated R&D in which great demands are made 
on graduate-schooled engineers and scientists, with a blurring of 
the normal distincti&ns between science and ^engineering in the t drive 
to create, analyze, and use new and novel systems. Instead of re- 
lying on the "creative few 11 for technical leadership, these "super- 
programs 11 begin to require the "creative many." As a consequence, 
such efforts may require engineering talent that, is qualitatively 
different from the present output from today's graduates. 



INFRASTRUCTURE CHANGES 

Ideally, when the foregoing tasks are completed, the Phase II .study 
should be in a position to describe: * 

r i 

o What the engineering elements are and how they 
interact? 

o The current status of each element, and its cuprrent 

strengths and weaknesses; • 
o How (and how quickly) the major elements tend to 

tespond to. change; and % . 

o What the range of future* stimuli and pressuffes on 

the engineering infrastructure migh£ be. * 

In fact, some of these understandings may only_be qualitative, at 
best. Nonetheless, the study group should be able to proceed to a 
^convincing discussion of the kinds of infrastructure changes tl)at - 
appear desirable or necessary for the foreseeable future ,' where in 
the system they should occur, and when they should occur. 

The range of possible changes in the education and utilization 
of engineers that might be identified can be very large. At least « 
the following topics heed to be examined: . [ 

o The status of engineering vs. other soci^al needs v • 
- o Priorities for the most talented manpower 
Priorities for other, resources 
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o Preengineering education 

- *The needed content, quality, Und, intensity of 

•preparation in mathematics, science, «Vfrumani- 
ties,, and -social science 
The impact' of career guidance counseling 

o Undergraduate education 

- Nature of the curricula (e.g., fundamentals vs. 

specialization, uniformity vs. diver si-* 
, . ication, segmentation of engineering) 
" - Curricula content, new fields (e.g., flexi- 
s bility/in response to state-of-the-art 

and to industrial needs) « 
Orientation (preparation for industry vs. % 

preparation for consulting practice) 
Facilities (e.g., adequacy of capacity), level 

of sophistication)^ 
Teaching productivity (use of modern 

techniques and prpcedures) ^ 
Computer technology (integration! into the 

educational process) 
Alternative delivery methods (e.g., co-op Snd 

other programs) 

o, Graduate education L \ 

- Foreign students - ? 
Student quality (competitive opportunities) 
Research funding (uncertain behavior) 

- Equipment" facilities (e.g., institutional 

sharing, consortia) 
Role of industry * . 
Role of government 

o 'Faculty conceifhs 

- Availability (intense,, competition- for limited 

*~talent pool) 

Recruitment/retention (attractiveness 6f other 
career options) 

- Competence Oe.g., responsibility of faculty to 
* 4 ifemain^current in their field of expertise) 

- Motivation (6.g.,'the quality of work situation 

in te^ms of compensation, prerequisites, 
workload, personal satisfaction) ? 



Continuing education/professional ^self-renewal 
Motivation for personal/professional self- 
renewal ^ 

i _ . 

Cost sharing 

Outreach-(on-site delivery) 

The roie«of prQfessional societies, industry, 
acadeihia 

The quality of available education 

> Financing professional education 
.Relative- importance to. society 
Role* of "government 

- * Role of industry (individual companies; 
^ consortia) *o \ 

Role of educational institutions 
The student's share 

5 

> Quality of work life \ 
Challenging worl^ 
Involvement with management 
Communication within the organization 
Opportunity and growth 
"Dual* Ladder 11 advancement 
Compensation 
Affirmative action 

- r Recognition atyi other intangible awards 
Flexible hours » ^ 
Stability and security 

i 

• * ». 

o Utilization on a national scale 

Engineers as «a national resource' ■ 

Size of the engineering reservoir 

Deployment against problems and needs 
x - Image ami recognition 1 

Retention 

Impact of the computer on the profession 
National; R6§D pblicy 

Continuing education <■ m 

Productivity and Qfist of engineering 
N - Engineers in management and governments ♦ ^\ 

A thorough examination of these kinds of topics will enable the 
Phase II study group to make findings and recommendations of a cri- 
tical nature . Areas* warranting such conclusions would be expected 
to include: 1 > 
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The needs of universities, so that they can 
remain at the leading edge of the various engineering 
disciplines and .developments in an inflationary 
environment. The issues have both financial and v ' 
pyschological content, and include the maintenance 
and renewal of facilities and equipment; .the 

aintenance and evolution of academic and research 
programs; loss' of endowment strength; and the health 
and well-being of faculty, including material 
considerations, teaching ^pftds, pressure, and pace. 

The needs of industry and government forjS'a caMre 
of engineers in a wid£ variety of disciplines for use 
irj. expansions, new ppportunities , and for replacement 
and evolution. These technically trained personnel 
must fill .roles in a» very complex environment, and 
the necessary fi^tch fc'etween the skills of future 
engineers and the rreeds of industry and government 
deserves careful study. 

The needs of society to maintain U.S. technical ■ 
preeminence and/or predominance in an era of intense 
and growing foreign competition. The nation requires 
engineers who can solve pressing problems- with a high 
technical content, as well as those who can contribute 
to continued increases in* the standard of 'living "by 
utilizing lower levels of technology. It needs en- 
gineers who can establish and monitor technical 
quality standards to ensure the protection and safety 
of society. > 
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The United States'has been well served by the engineering community 
and can continue to be well* served if reasonable solutions to the 
current and potential problems that beset the various elements of 
the community can ie identified and implemented. Some of the prob- 
lems, particularly in the educational sector, are of such clear and 
present concern that they^ should receive immediate ad hoc attention 
by appropriate groups. However, a coordinated, comprehensive study 
of engineering over, the rest of this century, as described in the 
bodj£ of this report, is also needed, and we recommend that such a 
study now be conducted. Only upon completion of ( such an effort 
will it be possible to convincingly establish whether there is an 
impending overall engineering crisis, as some suggest, that will . 
require far-reaching system corrections, or whether the engineer- 
ring community can, with less drastic modifications, be expected to 
maintain the resiliency that will warrant our continued national 
confidence. ' Thus* we recommend that the study be, carried out 
within^e next two years. , 

Study Objectives v ^ 

fhe engineering community is, 'large, widely dispersed, and very 
diversified. Any study of the piroblems of the community as a whole 
will either have to focus on some l^veri of generalizations or will . 
have to be very long and *costly»>' / Because the availability of the 
findings. may be critical to the future viability of the system, we 
recommend that the study pursue an overall analysis of the engineer- 
ing infrastructure, rather than attempting to catalogue the indi- 
vidual problems and concegfls of eyery engineering discipline or 
engineering field. Howeyer, because many of the actions that may 
be called for will have tb.be taken at detailed levels to be ef- 
fective, we recommend that the study structure' be developed so that 
later, supplemehtary studies ^f specific fields and disciplines can, 
be undertaken by an extension of the study protocols. 

It is further* recommended that the .study 

o Define the elements of/ the engineering 

infrastructure and their interrelations; 

o Determine the current! status of the principal 
infrastructure elehentlr*and their historical 
development over the past 50-60 years,- including __ . _ 
their historical^ delations to major economic, 
political and technological events; 
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o Identify the x stimuli for* decision-making fo% the 
1 ' ynain infrastructure elements and^their typical 

response modes; — > 

o > : Provide projections -of future events that might .affect,the 
engineering system over the rest of the century; and 

o Reconjmend policies .and programs to make necessary * 
changes or additions to the engineering infra- 
structure, and ihdicate the priorities for such 
acticfns* 

The study must recognize the state of flux that exists with' 
regard to the availability* of resources for the support of engi- 
neering institutions and programs. A priori assumptions about the 
government role may not be tenable. Thus,t we recommend that the 
study identify options for private industry and the academic in- 
stitutions, as well as for the government , in the actions needed to 
enhance the engineering system* 



t \ s Study Organization 

Whiie it is contemplated that the recommended study will 
address a broad spectrum of interrelated issues, it will be com- 
prised of a combination ojf separate* study tasks. To ensure th^t the 
necessary interrelations among these tasks are present ^and- consis- 
tent, it is recommended that the study be conducted under the aegis 
of an overall steering dommittee* This committee should provide 
broad policy guidance, assign specific tasks/ review the progress 
'and outputs of the task groups, and act as the principal authc^rs of 
a final report containing the study 1 s. "finding^ and recommendations. 

After . appropriate task assignments are defined by the steering* 
'committee, subcommittees, each consisting ^of k chairman and addition 
* al members^frotR^the steering committee, tqgether with additional 
experts appropriate) to the topic,, might undertake some of the 
specific stuHies. jHL n conduct of such task assignments,' it may be - 
useful for the -subcommittees to establish working groups for , 
specific subtopics. . , 

. 1 ■ 

, Some of the subtopics may lend themselves to separate ihvestiga 
tions that could best be carried out as individual efforts or may 
require more concentrated attention than may be possible from 
part-time volunteers. We recommend that consideration be~$lven to 
commissioned studies and papers, t as warranted* v 

"In particular, those parts toff the study that relate to quantita 
tive data on the engineering workforce, either current or historical 
may benefit from coordinated analysis and interpretation by outside 
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bodies of experts. We Recommend that working arrangements be estab 
lished ,with active manpower analysis groups for the 
collection, classification, a/?d evaluation of data related to the 
engineering workforce. . 

Study Participants x 

If the lfecommended study is to have a, positive impact, it will 
have to be received and*viewed by the various elements of ,.the engi- 
neering community as a balanced/ reasoned exposition of engineering 
and its problems. Equally important, however^ the report will hav$ 
to be viewed by non-engineering decision makers as sound and ob- 
jective, particularly insofar as recommendations' for action may 
conflict with other national priorities. Support for the study's 
conclusions will be enhanced if a widely representative group of 
interests #re involved in the study. It is recommended that a 
broad group of industrial, governmental, and academic leaders 
concerned with engineering, including spokesmen for the principal 
engineering societies, be invited to participate in the study 
together ^ith representatives of c>ther professions and societal 
segments* * . 1 
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APPENDIX A 



REGENT STUDIES OF ENGINEERING -EDUCATION PROBiVEMS 




Within the past year, 
facing th£ engineerin 
JSome of the. studies :ha 4 
been* of a less formal. 

--—•"In April, 1980 the .National Academy of Engineering is* 
report^ of a study based on approximately 400 responses to a „ 
survey of the engineering community regarding important issues in 
engineer!^ education/^institutional support 'of * engineering schools, 
univetsity/industry/gov.ernment relationships, and the sociaj* context 
of 'engineering. By design, £he study focuse£ on, the f r'ainework ' f or 

.decision-maHing, rathe^ than on the 3ecisions themselves, and did 
not purport to offer specific solutions for specific problems. In 
October, 198p the.NAE extende<£ its consideration of the University/ 
indJjSitryygovernment relationships in a symposium reported' in 1981.2 
Ij^gse^was no effort to reach any consensus position on the problems 

?6f academe or their solutions. . .* 

+ I \ 

At the request of President fcarter, the National ' Science 4 
Foundation and the U.Si department of Education, jointly prepared a 
repqrt on. technical education problems that was released in October, 
1980^. The. report addressed educational concerns at the secondary 
as well 'as collegiate and post-collegiate^ level for science, mathe-* 
matics, an\i engineering With\regard ta engineering, the report 
*identif ied) a faculty shortage in most fields , ^^s^ell as a short- 
term engineer, shortage in many fields. In the logger -ternr, the 
report \tfas optimistic about engineering supply /demand relationships, 
except possibly at th$-PhD level. The £tudy recommendations were 
general,' and largely involved proposals for increased federal 
support programs. * 

sidqred the dimensions of the engineering faculty shortage, ^nd- 
concluded -that it w&s pf crises proportions. In the feport of the 
confei^nce^, the American Association of Engineering Societies 
and/or the National AcaSemy of^Engineering were urged to ptepare a 
definitive "white paper" on* the shortage. 

t^An Engineering Foundation Conference, sponsored by the 
Accreditation Board for Engineering and Technology was .held July; 
26-31, 1981 in Rindge, N.H. on the Aims ^nd;Goals for the Eighties 
in engineering^education. The' proceedings report^ identified 



two n prim§ critical" iss«fes. First, the ratio of students to 
faulty members in. engineering" schools in the United States has 
increase"tr>to a level that is decreasing the quality of engineering 
education.^ Second, insufficient numbers of U. S. citizens are ^ 
entering graduate engineering «§c^£ols, and-^his wij.1 Asult^ in a 
^decreasing percentage of'lLS. citizens who will become engineering 
professors, from which a l'ong-tetjjT'decrease in the natidfl's cre- 
ativity and productivity in hiTghHtechnology t arfeas will follows 
THere was no unanimity of views on the most .effective and practical 
solutions to these issues. , * 

In addition to these published studies of engineering education 
problems, ^he American Electronics Association, publi^fied an exten- 
sive forecast of the technical manpower requirement?!^ in the elec- 
tronics industries through '1985^. The sutvey, taken in the spring 
of 1981, considered' the paraprof essional, as well as professional 
needs of the industry/ . * - 

Several pother studies are either still underway, or will not 
appear in published form. The Engineering Deans Institute deVoted 
their meeting of, April 12^15, 1981 to symposium <Jisc u ssions 0 f 
university relationships with, industry ^nd the federal government. 
In the summed of 1981, iEEE/Sp£ctrum convened a,roundtable disqus- 
sion of possible programs to overcome faculty shortages, equipnfen.t v . 
renewal problems, student support programs, and the like. An ac<r / 
count of the discussions will appear in the November, 1981 Spectrum 
A second meeting is planned to try* to sharpen suggestions for ac- 
tions. m v 

The National* Association of .State Universities and Land-Grant 
Colleges has, recently established a storing committee to develop a- 
program of industry cooperation vfith land* grant schools for the" • ' 
solution of Engineering education problems. A major conference for* 
"the discussion o£ possible actions is being planned for the spring- 
of 1982. / , " - ' 

' 1 / 

A two-year study h&s' just been launched by the American Society 

far— En g -in e e r i ng Education to generate pas^ib.Le_so lutions to the 

engineering faculty shortage. This study is being funded by grants 
from eight industrial corporations made tl?rough*the American 
Association of Engineering Societies. % ^ ' v . 

Each of these study activities has contributed to v dm improved 
understanding of the concerns of "-academe and/or. the -industries ft) 
which their graduates flow. So far, 'howe'v^r, the studies have - 
tended to' iook only at pieces of the overall engineering equation, 
or have represented -the views of only relatively small numbers of 
the participants in the engineering process. 
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APPENDIX B 
POTENTIAL OUTLINE OF PHASE II REPORT 



T 



Introduction. 

A. Engineering as- a field -y. 
B; The engineering system 

C, * Engineering goals 

D, Goals of engineering education 

E, Perception^ which call for this study 



Historical Perspective 



:A, The development of the present system 

B. Good, bad, and neutral experiences 

C. * The dynamics 

D. Value added ' K 

The ^reseh^Status of the Engineering System 
A» Inventory 

1. Manpower ' 

2. "Sourcing and development institutions 

3. Post-entry support sttuctures y 

B, Response dynamics of 

. - - x 

1. Students' 

2. Universities , * ' 

3. Faculties 

4. Engineers 
" 5» Industries 

6» Government 

7i Professional societies and academies 

8. Scientists* 

C. Stimulants to institutional changes 

* * 

D* Stimulants to individual choices 
>Sho*t-term "Issues 

A. Manpower shortages and surpluses 

B. Dislocations; 
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"C, Fields on hold* 
D« ^industrialization and productivity 

Long-term Scenarios their Possible Impacts 

Costs of Insufficient and Surplus Engineering 
Resources 

, V A.- Economic 

B. Hum^ 

C. Industrial 

VII Future Engineering Capacities- and Capabilities 



\ 



A. ^Measurement problems 

B . Po s s ib le improvement s 
*C. Responsibilities 



VIll* Findings 

IX , Recommendations 



\ 
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- - <^ APPENDIX C 

POSSIBLE FUTURE ENGINEERING/PROBLEM INTERFACES 



At its initial meeting, the Committee considered a list! of almost 
150 topicS^that might be contemplated as important potential driving 
forces on the engineering community over the next twenty years as a 
consequence <?f their potential economic, political , "or technological 
impacts on the American scene. For purposes of discussipn,, thege 
were tgr.puped into twenty-eight subcategories within th» ma jor 
categories of " * \ ^ 

q The Economy ■ "« 

o National Defense ** i ■* 

o Quality of 

o Energy * * , 

o Transportation Systems 
o Information Systems. 

After a general consideration* of the types of issues and ^ 
problems that might be posed by each topic, each attendee was asked 
to rate' four characteristics of each* subcategory: 

o The importance of the topdc of ''our national future; 
o The technological content of thfe topic; ^ S 
o The opportunity for the application of technology to an 

• S improved understanding of 'the topic; and 
♦ - o The adequacy .with which the topic is presently being 

* ~* kddre^sed. * , f 

Based on the ratings^ the topics that were identified by the 
group as having ther common characteristics of a high, potential ' 
importance to the national ^future/ a high technological eContent, and 
the opportunity for the application of technology- to the ^proved 
handling of the topic^ncluded: 

», — ■* * 

o Productivity improvements^ * 
o Foreign competition 

o* Quality improvements, in goods and. services 
*o Growth/energy relationship^ — I 
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o* Technical parity in defense 

o Reliability 'and maintainability of defense systems 
o Environmental quality j % * % 

e o Urban problem$ - • \ / 

o, ' Health care • » ' 

o* Education systems a 
o e Energy . ■ . 

t o Intercity transportation systems 
Information sys.tems - " 



Most of £hese topics j^ere considered to be receiving only - * 
relatively low or moder^fc^ly effective current treatment and could, 
I presumably., be better /nanax^d ifpstecisions were'to be made Co employ 
technologies appropriate t.ojp^Lr nature. 

Based on ^this bp^ef exercise, it was the opinitfn of the com- 
, mittee that this or sirniJ^ar approach 'could be readily applied to the 
identification! of a rang4-Tbs£j>roblgm-scertarios that might impact on 
the engineering community ima significant way, and from whictyf 
selections could be made for^ derailed impact analyses. Q ' I 

• . v » sr. 1 



